Abstract Fink et al. (2005) reported significant associations between facial symmetry and scores on some of the "big five" personality dimensions derived from self-report data. In particular, they identified a positive association between facial symmetry and extraversion, but negative associations between facial symmetry and both agreeableness and openness. Fink et al. (2005) used a measure of facial symmetry based on analysis of the central region of each face. In the present study we attempted to replicate these findings with a much larger sample (N = 294) and using a landmark-based measure of facial symmetry that includes peripheral regions of the face. In both sexes, we found a significant positive association between self-reported extraversion and facial symmetry but were unable to replicate any of the other previously reported associations. Nevertheless, the positive association between symmetry and extraversion provides further support for the idea that facial appearance could predict personality and therefore makes it possible for some personality attributions to be "data driven", i.e. driven by properties of the target.
Introduction
The idea that various aspects of facial appearance can provide reliable information about an individual's personality has been popular for centuries, although studies conducted in the early 20th century demonstrated that psychological characteristics rarely correlate with measurements of individual facial features (e.g. Cleeton & Knight, 1924) . Research since then has generally yielded similar negative results (for a review see Alley, 1988) . However, despite the lack of scientific evidence beliefs that facial appearance can be a valid indicator of personality persist and are widespread. For example, Liggett (1974) reported that 90% of undergraduate students believed that the face is a valid guide to character, and in 2000 this figure was still approximately 75% (Hassin & Trope, 2000) . Moreover, whatever people's stated beliefs, people do routinely make inferences about personality traits in others based on facial appearance alone, spontaneously and without reflection or deliberation (Hassin and Trope, 2000; Todorov et al., 2005) .
Notwithstanding earlier failures to demonstrate relationships between various specific facial features and certain personality attributes, recent research has suggested that there may in fact be some observable relationships between some aspects of facial appearance and personality. Studies using zero-acquaintance paradigms (for review see Kenny, Albright, Malloy, & Kashy, 1994) have demonstrated high levels of consensus among judges rating the personality of others based on appearance alone, and more accuracy than would be expected by chance (i.e. agreement between ratings and the self-ratings of targets). Consequently, it appears that consensus in personality attributes is, to some extent, "data-driven" with facial appearance being one important source of "data".
In many "zero-acquaintance" studies, "thin slices" of behaviour are presented, providing multiple non-facial cues to personality, in addition to non-verbal behaviour (such as facial movements and expressions) that could form a basis for accurate personality judgement. Furthermore, even in studies of static facial photographs, non-facial cues such as clothing and hairstyle are also often visible. So observed relationships between rated and self-report personality could in part depend on non-facial aspects of appearance. However, using computer graphics techniques to construct composite faces made from individuals self-reporting high and low scores on each of the "big five" dimensions, Penton-Voak, Pound, Little, and Perrett (2006) found some evidence for accurate and specific perception of agreeableness and extraversion in both male and female faces. Specifically, when composite faces were rated by independent raters on the "big five" dimensions, ratings of extraversion were best able to discriminate between composites derived from individuals who scored high on a self-report measure of extraversion and composites derived from individuals who scored low on that measure.
Accurate judgements of personality based on facial appearance alone must depend on associations between aspects of facial appearance and personality attributes. That is, for judgements to be accurate faces must contain certain reliable and valid cues to an individual's personality. These cues, however, need not be specific features but instead may be configural properties of faces (Hassin & Trope, 2000) . One configural property that has recently been shown to be associated with personality attributes is facial fluctuating asymmetry (FA).
Small random deviations from perfect symmetry in normally bilateral traits are referred to as fluctuating asymmetry (FA). Low levels of FA are believed to be an indicator of developmental stability (Van Valen, 1962 ) -an organism's ability to buffer against stressors such as pathogens, toxins, and mutations (Møller and Swaddle, 1997; Polak, 2003) . Across taxa higher FA is associated with greater morbidity, reduced fecundity, and higher mortality Swaddle, 1997 and Polak, 2003) and in humans symmetry is associated with attractiveness. For example, bodily FA is negatively associated with face (Gangestad, Thornhill, & Yeo, 1994) , voice (Hughes, Harrison, & Gallup, 2002) , and odour attractiveness (Thornhill & Gangestad, 1999a ).
In the above studies, it could not have been bodily symmetry per se that was influencing attractiveness judgments, rather symmetry appears to be associated with attractive traits. In contrast, a number of studies have demonstrated that facial symmetry itself can influence attractiveness judgements (for reviews see Grammer et al., 2003; Thornhill and Gangestad, 1999b) .
There is, however, evidence that the relationship between symmetry and attractiveness persists even when cues to symmetry are removed by presenting just the right or left half of each face (Scheib, Gangestad, & Thornhill, 1999) . This suggests that observed relationships between facial symmetry and attractiveness may arise because symmetry covaries with other attractive facial traits, rather than simply because symmetry itself is perceived as attractive. Shackelford and Larsen (1997) investigated associations between facial FA and various personality measures. They reported a general tendency for facial FA to be associated with higher scores on self-report measures that are arguably indicators of psychological/emotional distress. However, evidence for relationships between facial FA and scores on the Eysenck Personality Questionnaire's self-report measures of the "big three" personality dimensions was somewhat equivocal. They did find a significant positive association between FA and extraversion for women, but in men they found a tendency for the opposite to be true. More recently, Fink, Neave, Manning, and Grammer (2005) reported significant associations between a measure of facial symmetry and scores on some of the "big five" personality dimensions derived from self-report data. In particular, they identified a positive association between facial symmetry and extraversion and negative associations between facial symmetry and both agreeableness and openness.
Of particular relevance to the possibility that facial symmetry may be related to personality attributes is a recent finding by Brown et al. (2005) of a positive association between perceived dance quality and body symmetry. It is likely that there are relationships between personality traits, such as extraversion, and the willingness and ability of individuals to engage in behaviours related to courtship, such as dance. Indeed, there is some evidence that individuals who dance are more extraverted than those who do not (Rust, 1969) and that degree of extraversion is related to the use of locomotor space in modern dance improvisations (Murray, 1982) .
So there are a number of findings of positive associations between symmetry and socially desirable characteristics in individuals (e.g. facial attractiveness, olfactory attractiveness, auditory attractiveness, and dance quality). To the extent that extraversion can be considered a socially desirable trait, Fink et al.'s (2005) finding of a positive association between facial symmetry and extraversion is another example of such a relationship. However, Fink et al.'s (2005) other findings of negative associations between facial symmetry and both agreeableness and openness represent associations between symmetry and socially undesirable traits. This, however, is not inconsistent with some previous work indicating that body FA is negatively associated with aggression (Furlow, Gangestad, & Armijo-Prewitt, 1998) , that body FA is positively associated with generosity of offers in an experimental economics game (Zaatari & Trivers, in press) and that among male offenders, psychopathic individuals have lower FA than non-psychopathic individuals (Lalumière, Harris, & Rice, 2001 ).
The measure of facial symmetry used by Fink et al. (2005) and also used previously (Fink, Manning, Neave, & Grammer, 2004) differed from the method used by other investigators (e.g. Penton-Voak et al., 2001; Scheib et al., 1999) and may be problematic. The symmetry assessment was based on a rectangular region of interest (ROI) defined by the left and right outer eye corners, the top of the brows, and the lower lip. Consequently, the symmetry measurements excluded peripheral regions of the face where important asymmetries in bone structure may be present. Additionally, the symmetry measurement technique was based on the assessment of differences in grey values between the left and right sides of horizontal 1-pixel slices through the ROI. Such a technique is likely more susceptible to lighting asymmetries than landmark-based approaches used by (Scheib et al., 1999) and (Penton-Voak et al., 2001) . Moreover, even relatively small asymmetric colouration blemishes could lead to substantial increases in the asymmetry index.
In the present study we attempted, using a significantly larger sample of males and females, to establish whether the findings of Fink et al. (2005) are replicable using a landmark-based measure of facial asymmetry that, unlike the method used by Fink et al. (2005) includes peripheral regions of the face and moreover is likely to be less vulnerable to lighting asymmetries. Fink et al. (2005) reported small to medium correlations between facial symmetry and personality scores. These included a medium correlation between facial symmetry and extraversion in women (r = 0.31; p < 0.05), a small correlation for the whole sample (r = 0.21; p < 0.05) but a non-significant association for the male sub-sample (r = 0.21; p = 0.13). However, a study with sample size of 50 males (like Fink et al's) will only have statistical power of 0.42 to detect a correlation of r = 0.25 (at α = 0.05; two-tailed). In the present study, we use samples of approximately 150 males and 150 females which give power of 0.87 to detect correlations of this magnitude (at α = 0.05; two-tailed) within each sex.
Methods
Participants were 146 male and 148 female volunteers who were students at the University of Stirling aged between 18 and 22 years old.
Personality measures
Each participant completed a 40-item self-report personality questionnaire (Botwin, Buss, & Shackleford, 1997) . The questionnaire consisted of a series of adjective pairs with a 1-7 scale between the two anchors. The adjective pairs used in the questionnaire developed by Botwin et al. (1997) were drawn from the highest-loading pairs of adjectives from Goldberg's (1983) factor analysis of possible trait descriptors.
A confirmatory factor analysis (independently for each sex, varimax rotation, constrained to five factors) was used to generate scores on the 'big five' personality dimensions. For female participants, the five factors explained 46.3% of the variance in responses [agreeableness (8.8%), conscientiousness (9.7%), extraversion (10%), emotional stability (11.4%) and openness (6.4%)].
For male participants the five factors accounted for 39.9% of variance in the questionnaire responses [agreeableness (7.3%), conscientiousness (8.4%), extraversion (7.5%), emotional stability (9.6%) and openness (7.1%)]. These findings are similar to the results obtained by Botwin et al. (1997) who found that a five-factor solution accounted for 42% of the variance in responses on the 40-items. Scores on each factor were standardized to create z-scores for each personality dimension.
Facial symmetry measures
Participants were photographed in a standing position, since head position is more replicable when subjects are standing rather than sitting (Stephan, Clement, Owen, Dobrostanski, & Owen, 2004) .
Photographs were taken from a distance of 1.5 m using a digital camera (Canon G1 Powershot) at a resolution of 1536 × 2048 pixels, with constant lateral illumination from two lamp units, in front of a neutral grey background. A grey smock covered participants' clothes.
A facial metric technique was used to assess the symmetry of individual faces, based on the procedure used by (Scheib et al., 1999) and (Penton-Voak et al., 2001) . The x and y coordinates of 12 facial landmarks were delineated by a measurer blind to the experimental hypothesis. These corresponded to the following bilateral features on each face; the centre of the pupil, the endocanthion (medial corner of the eye), the exocanthion (lateral corner of the eye), the cheekbones (most outward projecting points on the face at or below the eyes), the alare (lateral edge of nose), the cheilion (lateral corner of the mouth), and the gonion approximation (the apex of the lower jaw).
Unlike (Scheib et al., 1999) and (Penton-Voak et al., 2001 ), but similar to Fink et al. (2005) faces were standardized for size and orientation. The x-y coordinates of the facial landmarks were registered (rotated and scaled) using a Generalised Procrustes analysis, a best fit procedure that scales shapes and removes rotational differences (Goodall, 1991; Gower, 1975; Rohlf and Slice, 1990) . The Generalised Procrustes analysis was carried out using Morphologika (Paul O'Higgins & Nicholas Jones, University of York).
Symmetry measurements were made from the Procrustes registered landmark positions. For each pair of bilateral facial landmarks, the mid-point of their separation in the x-axis was calculated. As in (Scheib et al., 1999) and (Penton-Voak et al., 2001) , horizontal asymmetry was calculated as the sum of the differences in the x-axis between all mid-points. However, to control for trait size, when calculating the difference in the x-axis between the mid-points of two horizontal lines, this was computed as a percentage of the average length of the two horizontal lines (between the two relevant pairs of landmarks). The values were then standardized for each sex and the z-scores were used as the index of facial asymmetry in subsequent analyses.
Attractiveness measures
Photographs of half of the participants (73 males and 74 females) were selected randomly and presented individually to 17 raters (7 male and 10 female) who were students at The University of Bristol (aged 18-22). Raters were asked to rate each face for attractiveness on a scale from 1 7 (attractive) to 7 (unattractive). Reliability was high for attractiveness ratings of male (Cronbach's α = 0.85) and female (Cronbach's α = 0.90) faces. Consequently, a mean attractiveness score was calculated for each individual face.
Results
There were significant negative associations between facial asymmetry and self-reported extraversion for both male and female faces (Table 1 ). There were, however, no other significant associations between facial asymmetry and self-report personality dimensions in either males or females. In particular, there were no significant associations between facial symmetry and either self-reported agreeableness or openness to experience. The negative association (r = −0.25; p < 0.005) between facial asymmetry and self-reported extraversion in males (Fig. 1 ) was significant (r = −0.20; p < 0.05) even after the removal of an outlier with an asymmetry index score >4.0. The negative association between facial asymmetry and self-reported extraversion in females is shown in Fig. 2 . Table 1 . Zero-order correlations between facial asymmetry and scores on self-report personality dimension
Mean attractiveness ratings were not significantly associated with facial asymmetry for either male or female faces. Moreover, controlling for attractiveness partial correlations between facial asymmetry and self-reported extraversion remained significant for both male (r = −0.27; p < 0.05) and female (r = −0.27; p < 0.05) faces. 
Discussion
In the present study we replicated Fink et al.'s (2005) finding of a positive association between facial symmetry and self-reported extraversion. We were, however, unable to replicate Fink et al.'s (2005) findings of negative associations between facial symmetry and self-reported agreeableness and openness to experience. The present study employed a landmark-based measure of facial asymmetry that is likely to be less affected by asymmetric lighting than the method used by Fink et al. (2005) . Moreover, the landmark-based method incorporated measurements of peripheral regions of the face that were excluded from the region of interest (ROI) used in the previous study. This is important since many of the peripheral facial regions excluded from the analyses carried out by Fink et al. (2005) likely also have an important role in face perception, and are possible sites for significant asymmetries in facial structure (e.g. cheekbones and apex of jaw). Although the configuration of internal facial features is most important for the recognition of familiar faces, more peripheral features (e.g. jaw-line, chin and forehead) are important for the identification of unfamiliar faces (Ellis, Shepherd, & Davies, 1979) and for the identification of familiar faces by children (Campbell, Walker, & Baron-Cohen, 1995) .
The findings of the present study suggest that the positive association between facial symmetry and self-reported extraversion reported by Fink et al. (2005) is robust and generalisable. Fink et al reported such an association for females, and their total sample but not for males. In the present study, however, we additionally found a significant association for males. The reason for this discrepancy is likely that a sample of 146 males (as used in the present study) has significantly greater power to detect such small-to-medium associations than does a sample of 50 males (as used by Fink et al.) . As noted previously, a sample of 50 males will only have statistical power of 0.42 to detect a correlation of r = 0.25 (at α = 0.05; two-tailed) while a sample of 146 males will have power of 0.87 to detect an association of this magnitude.
With regard to the failure to replicate Fink et al.'s (2005) findings of negative associations between facial symmetry and self-reported openness to experience in men and women, it should be noted that the present study sample sizes had power in excess of 0.99 for detecting associations of the magnitude reported by Fink et al. Additionally, with regard to the failure to replicate Fink et al.'s (2005) finding of a negative association between self-reported agreeableness and symmetry for the total sample it should be noted that the present study had a power in excess of 0.99 for detecting such an association. This suggests that, although we cannot dismiss these previously reported findings completely, they may be of limited generalisability.
The finding that a configural aspect of facial appearance (i.e., symmetry) is associated with selfreported extraversion is interesting in light of Kenny et al.'s (1994) conclusion that perception of extraversion operates differently to perception of other personality attributes. In their metaanalysis of zero-acquaintance studies, Kenny et al. (1994) found particularly high levels of consensus and stability over time for ratings of extraversion, indicating that these judgements were being driven by target-based characteristics. Consequently, there appears to be some convergence here between the literature on consensus in personality judgements and the research on accuracy in personality judgements. Consensus is highest for extraversion, a dimension for which there is evidence of accurate perception (Penton-Voak et al., 2006) and that has now been shown to be reliably associated with a configural aspect of facial appearance.
Associations between facial appearance and personality attributes could depend on a number of possible mechanisms. An association between extraversion and facial symmetry could arise if they have a common cause such as if developmental stability leads to both the expression of a symmetrical facial phenotype and an extraverted personality. Alternatively, the development an extraverted personality may follow directly from the expression of a symmetrical facial phenotype if personality development is partially contingent upon interactions with others (whose behaviour towards an individual may be influenced by facial appearance). Given that associations exist between perceived attractiveness and facial symmetry, attractiveness could mediate such a process since attractive individuals are likely to be treated differently. Since extraversion as a behavioural strategy is likely to have costs as well as benefits (Nettle, 2006) , pursuing such a strategy may only be viable in situations where an individual is widely perceived as attractive. Consequently, facultative adjustment by an individual of their behavioural strategy in response to feedback about their perceived attractiveness could be functional.
In the present study, however, we found no evidence of an association between facial symmetry and attractiveness and therefore no evidence that the observed relationships between facial symmetry and personality are mediated by individual differences in attractiveness. We were, of course, only able to measure the current perceived attractiveness of participants and not their attractiveness during relevant periods of development when some personality traits may become established. So we cannot completely rule out the possibility that individuals with more symmetrical faces may, as a consequence of being more attractive, develop extravert personality traits after experiencing more rewarding social interactions during development.
Self-fulfilling prophecy effects provide a more specific way in which personality development may be affected by interactions with others whose behaviour towards an individual may be influenced by facial appearance. These could arise where individuals with facial characteristics typically believed to be associated with a particular personality trait are treated in such a way as to encourage them to adopt that personality trait. Explanations that postulate self-fulfilling prophecy mechanisms as the source of an association between facial symmetry and self-report personality, depend on symmetrical individuals being perceived as different to asymmetric individuals and thus being subject to differential treatment. For a small sample of female faces, Fink, Neave, Manning, and Grammer (2006) reported positive associations between facial symmetry and perceived attractiveness and some personality attributes such as "sociability", "intelligence", "liveliness", and "self-confidence". However, it is important to note that such associations may arise if perceived attractiveness covaries with other facial traits that drive personality attributions rather than because symmetry itself drives these attributions directly. As noted previously, the relationship between facial symmetry and perceived attractiveness may arise because of associations between symmetry and other facial traits, rather than because symmetry itself is perceived as attractive (Scheib et al., 1999) .
In addition to self-fulfilling prophecy processes, other mechanisms have been proposed to explain apparent associations between configural aspects of faces and self-reported personality (Zebrowitz & Collins, 1997) . One such possibility is that there are direct links between physiology and personality. For example, there is evidence that facial appearance indicates current endocrine status, with male circulating testosterone being correlated with both ratings of masculinity (Penton-Voak & Chen, 2004) and expressive behaviours such as smiling (Dabbs, 1997) . These findings raise the possibility of accurate perception of personality attributes based on facial appearance given that, in males, high levels of circulating testosterone are associated with low scores on self-reported pro-social personality characteristics (Harris, Rushton, Hampson, & Jackson, 1996) , with marital dissatisfaction and poor father-child relationships (Julian & McKenry, 1989) , with low scores on a measure of "spousal investment" (Gray, Kahlenberg, Barrett, Lipson, & Ellison, 2002) , and are related to antisocial behaviour (Dabbs, 1993) .
In summary, the present study has replicated Fink et al.'s (2005) finding of a negative association between facial asymmetry and self-reported extraversion. Moreover, this replication involved a substantially larger sample of participants, and a different measure of facial asymmetry that is likely to be less influenced by lighting asymmetries and includes peripheral regions of the face.
